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The Suzuki–Miyaura cross-coupling reaction between aryl ha-
lides and organoboron compounds has become one of the
most efﬁcient methods for the construction of carbon–carbon
bond in organic synthesis both in industry and academia
(Alonso et al., 2008; Bellina et al., 2004; Miyaura, 2002; Suzu-
ki, 2002). The Suzuki–Miyaura cross-coupling is a unique reac-
tion due to: (i) the mild conditions under which it is conducted,
(ii) the high tolerance toward functional groups, (iii) the com-
mercial availability and stability of boronic acids to heat, oxy-
gen and water, and (iv) the ease of handling and separation of
boron-containing by-products from the reaction mixtures
(Hall, 2005). Organic reactions that can proceed well in aque-
ous media offer advantages over those occurring in organic676602; fax: +20 2 35727556.
m (K.M. Dawood).
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abian Journal of Chemistry (2013solvents. The use of water has been motivated by the desire
to create cleaner, safer, and more environmentally benign
chemical processes over the past few decades (Farina, 2004;
Dupont et al., 2005; Li, 2005). Microwave irradiation method-
ology is also receiving growing research interest as a heating
source, because of its achievements in organic synthesis (Kap-
pe and Stadler, 2005; Hoz et al., 2005; Lidstro¨m et al., 2001).
In continuation of our recent research work concerned on
the use of Pd(II)-complexes in C–C cross coupling reactions
in water, as an effective green solvent for such reactions, under
both thermal heating as well as microwave irradiation condi-
tions (Dawood and Kirschning, 2005; Dawood 2007; Dawood
et al., 2007, 2009; Dawood and El-Deftar 2010a,b; Darweesh
et al., 2010; Shaaban et al., 2010), we report here a compara-
tive study between the catalytic activities of the benzimidazole-
and benzothiazole-based Pd(II)-complexes 1, 2, 3 and 4
(Chart 1) as precatalysts in the Suzuki cross-coupling between
different activated and deactivated aryl (heteroaryl) bromides
with a variety of arylboronic acids in water under thermal
heating as well as microwave irradiation conditions.
The use of water has been motivated by the desire to create
cleaner, safer, and more environmentally benign chemical
processes.ing Saud University.
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Chart 1 Benzimidazole- and benzothiazole-based Pd(II)-com-
plexes Cat. 1–4.
2 K.M. Dawood et al.2. Experimental
2.1. Materials and methods
Melting points were determined in open glass capillaries with a
Gallenkamp apparatus and are uncorrected. The infrared spec-
tra were recorded in potassium bromide disks on a Pye-Uni-
cam SP 3–300 and Shimadzu FTIR 8101 PC infrared
spectrophotometer. NMR spectra were recorded with a Varian
Mercury VXR-300 NMR spectrometer at 300 MHz (1H
NMR) and at 75.46 MHz (13C NMR) using deuterated chloro-
form (CDCl3) or dimethylsulfoxide (DMSO-d6). Chemical
shifts are quoted in d and were related to that of the solvents.
Mass spectra (EI) were obtained at 70 eV with a type Shima-
dzu GCMQP 1000 EX spectrometer. Microwave experiments
were carried out using a CEM Discover Labmate microwave
apparatus (300 W with Chem Driver Software). Syntheses of
the Pd(II)-complexes 1 (Dawood, 2007), 2 (Darweesh et al.,
2010), 3 (Dawood and El-Deftar, 2010), and 4 (Dawood
et al., 2009), were accomplished following the reported litera-
ture procedures.
2.2. Suzuki cross-coupling of aryl and heteroaryl bromides with
arylboronic acids under thermal heating
General procedure: A mixture of the appropriate aryl or hetero-
aryl bromide 6, 8, 10, 12 and 14 (1 mmol) and the appropriateTable 1 Effect of concentrations of different Pd-complexes 1, 2, 3
B(OH)2
O
Br
Pd-Cat.
H2O, 1
+
5 6
Entry Cat. mol% Cat. 1a,b
1 1 100 (94)
2 0.5 100
3 0.25 100
4 0.125 100
5 0.05 100 (90)
6 0.03 100
7 0.01 100
8 0.00 0
a Conditions: Bromide/boronic acid/KOH/TBAB/water (3 mL): 1/1.2/2
b Conversions were based on 1H NMR of the crude product and the v
c Traces of the reactants were detected using TLC.
Please cite this article in press as: Dawood, K.M. et al., Catalytic activit
and heteroaryl bromides in water. Arabian Journal of Chemistry (2013arylboronic acid 5, 16–20 (1.2 mmol), tetrabutylammonium
bromide (TBAB) (194 mg, 0.6 mmol), the appropriate palla-
dium(II)-complexes 1, 2, 3 and 4 (1 mol%), KOH (112 mg,
2 mmol) in water (3 mL) was reﬂuxed for 1 h. The same exper-
iment was repeated under a typical reaction condition using
palladium complexes 1, 2, 3 and 4 in 0.5 mol%. The amount
(mol%) of the palladium complexes 1, 2, 3 and 4 was changed
with respect to the aryl bromides to be: (0.25, 0.125, 0.05, 0.03,
0.01 and 0.00 mol% of Pd- complexes with scales: 1, 2, 2, 5 and
10 mmol of the appropriate aryl bromides, respectively). The
molar ratio of the reaction components was in all cases as fol-
lows; aryl bromide, arylboronic acid, TBAB, KOH, water: 1/
1.2/0.6/2/3 mL water. After the reaction was almost com-
pleted, the cross-coupled products were then extracted with
EtOAc (3 · 20 mL). The combined organic extracts were dried
over anhydrous MgSO4 then ﬁltered and the solvent was evap-
orated under reduced pressure. The residue was then subjected
to separation via ﬂash column chromatography with n-hexane/
EtOAc (10:1) as an eluent to give the corresponding pure
cross-coupled products 7, 9, 11, 13, 15 and 21–25. The yield
% versus concentrations of the palladium complexes are out-
lined in Tables 1–6.
2.2.1. 4-Acetyl-1,10-biphenyl (7)
White solid; mp. 118–120 C [Lit. mp. 119–120 C (Zhu
et al., 2003)]; 1H NMR (CDCl3) d 2.60 (s, 3H, COCH3),
7.31–7.38 (m, 1H), 7.42–7.50 (m, 2H), 7.74 (d, 2H,
J= 6.9 Hz), 7.82 (d, 2H, J= 7.5 Hz), 8.03 (d, 2H,
J= 7.5 Hz); MS m/z (%) 196 (M+, 49.3), 181 (100), 152
(61.4), 127 (5.2), 76 (9).
2.2.2. 4-Methoxy-1,10-biphenyl (9)
Pale yellow powder; mp. 87–88 C [Lit. mp. 87–88 C (Zhang,
2004)]; 1H NMR (CDCl3) d 3.87 (s, 3H, –OCH3), 6.99 (d,
2H, J= 8.7 Hz), 7.31–7.45 (m, 3H), 7.54 (d, 2H,
J= 9 Hz), 7.57 (d, 2H, J= 7.2 Hz); MS m/z (%) 184
(M+, 100), 169 (54.0), 141 (37.4), 115 (16.6), 89 (12.5), 76
(49.8), 63 (25.7).and 4 on the coupling of p-bromoacetophenone.
O
, KOH, TBAB
00 oC, 1h
7
Cat. 2a,b Cat. 3a,b Cat. 4a,b
100 (92) 100 (95) 100 (90)
100 100 100
100 100 100
100 100 10
100 (94) 100 (87) 100 (88)
100 90c 100
100 60c 100
0 0 0
/0.6, at 100 C for 1 h.
alues between parentheses refer to the isolated yields.
y of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl
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Table 2 Effect of concentrations of different Pd(II)-complexes on the coupling of p-bromoanisole.
B(OH)2 OMe
Br
OMe
H2O, 100 
oC, 1h
+
5 8
9
Pd-Cat., KOH, TBAB
Entry Cat. mol% Cat. 1a,b Cat. 2a,b Cat. 3a,b Cat. 4a,b
1 1 100 (90) 100 (87) 100 (94) 100 (83)
2 0.5 100 100 100 100
3 0.25 100 100 100 100
4 0.125 100 100 100 100
5 0.05 100 (89) 100 (91) 100 (90) 100 (78)
6 0.03 100 100 100 100
7 0.01 100 100 75 100
8 0.00 0 0 0 0
a Conditions: Bromide/boronic acid/KOH/TBAB/water (3 mL): 1/1.2/2/0.6, at 100 C for 1 h.
b Conversions were based on 1H NMR of the crude product and the values between parentheses refer to the isolated yields.
Table 3 Catalytic activity of the Pd-complexes 1, 2, 3 and 4 on the coupling of 3-bromoquinoline 10 with phenylboronic acid.
+
B(OH)2
N
5 10
11
Br
N
H2O, 100 
oC, 1h
Pd-Cat., KOH, TBAB
Entry Cat. mol% Cat. 1a,b Cat. 2a,b Cat. 3a,b Cat. 4a,b
1 1 100 (93) 100 100 (92) 100 (96)
2 0.5 100 100 (96) 100 100
3 0.25 100 100 100 100
4 0.125 100 100 100 100
5 0.05 100 (93) 100 (94) 100 (86) 100 (91)
6 0.03 100 100 100 100
7 0.01 100 100 90c 100
8 00.0 0 0 0 0
a Conditions: Bromide/boronic acid/KOH/TBAB/water (3 mL): 1/1.2/2/0.6, at 100 C for 1 h.
b Conversions were based on 1H NMR of crude product and the values between parentheses refer to the isolated yields.
c Starting bromide 10 was detected by TLC.
Catalytic activity of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl and heteroaryl bromides in water 32.2.3. 3-Phenylquinoline (11)
Pale yellow powder; mp. 50–51 C [Lit. mp. 52 C (Rudler and
Reville, 2001)]; 1H NMR (CDCl3) d 7.39–7.45 (m, 4H), 7.48–
7.70 (m, 3H), 7.80 (d, 1H, J= 8.1 Hz), 8.16 (d, 1H,
J= 8.7 Hz), 8.21 (s, 1H), 9.18 (s, 1H); MS m/z (%) 205
(M+, 100), 176 (14.4), 151 (7.8), 102 (14.1), 88 (16.5), 76
(38.4), 63 (16.3).
2.2.4. 2-Phenylthiophene (13)
Colorless powder; mp. 35 C [Lit. mp. 35 C (Becht et al.,
2003)]; 1H NMR (CDCl3) d 7.02 (d, 1H, J = 3.0 Hz), 7.06
(d, 1H, J = 3.6 Hz), 7.08–7.17 (m, 3H), 7.33–7.40 (m, 2H),
7.49 (d, 1H, J = 7.8 Hz), 7.59 (d, 1H, J= 7.8 Hz); MS m/z
(%) 160 (M+, 100), 134 (33.8), 115 (56.1), 102 (14. 7), 63
(35.5), 45 (56.2).Please cite this article in press as: Dawood, K.M. et al., Catalytic activit
and heteroaryl bromides in water. Arabian Journal of Chemistry (20132.2.5. 2-Acetyl-5-phenylthiophene (15)
Yellowcrystals;mp. 124–125 C [Lit.mp. 125 C(Bai andWang,
2008)]; IR (KBr) t 1647, 1442, 1353, 1276, 756 cm1; 1H NMR
(CDCl3) d 2.41 (s, 3H, CH3), 7.15 (d, 1H, J = 4.2 Hz), 7.21–
7.23 (m, 3H, ArH), 7.45 (d, 1H, J= 6.6 Hz), 7.52 (d, 1H,
J= 4.2 Hz); MS m/z (%) 202 (M+, 68.2), 191 (37.6), 162
(11.5), 92 (56.2), 84 (35.3), 76 (54.5), 50 (100).
2.2.6. 2-(4-Chlorophenyl)thiophene (21)
Yellow powder; mp. 73–74 C [Lit. mp. 74–75 C (Polshettiwar
and Varma, 2008)]; 1H NMR (CDCl3) d 7.04 (d, 1H,
J = 7.8 Hz), 7.26–7.31 (m, 1H), 7.61 (d, 1H, J = 8.7 Hz),
7.95 (d, 1H, J = 7.9 Hz), 8.03 (d, 1H, J= 7.5 Hz); MS m/z
(%) 197 (M++2, 5), 195 (M+, 21.5), 168 (31.9), 154 (48.5),
142 (76.1), 112 (43.1), 99 (100), 86 (18.6).y of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl
), http://dx.doi.org/10.1016/j.arabjc.2013.06.004
Table 4 Effect of concentration of Pd-complexes 1–4 on the coupling of 2-bromothiophene with phenylboronic acid in water under
thermal heating.
H2O, 100 
oC, 1h
Pd-Cat., KOH, TBAB
+
B(OH)2
5
S SBr
12 13
Entry Cat. mol% Cat. 1a,b Cat. 2a,b Cat. 3a,b Cat. 4a,b
1 1 100 (93) 100 (97) 100 (90) 100 (96)
2 0.75 100 100 100 100
3 0.5 100 100 80 100
4 0.25 100 100 40 100
5 0.125 50b 100 10 100
6 0.05 10 100 (92) 0 100 (95)
7 0.025 0 84b,c 0 60b,c
8 0.00 0 0 0 0
a Conditions: Bromide/boronic acid/KOH/TBAB/water (3 mL): 1/1.2/2/0.6, at 100 C for 3 h.
b Conversions were based on 1H NMR of crude product and the values between parentheses refer to the isolated yields.
c Starting bromide 12 was detected by TLC.
Table 5 Catalytic activity of Pd(II)-complexes 1–4 in Suzuki coupling of 2-acetyl-5-bromothiophene (14) with phenylboronic acid
under thermal heating.
H 2 O, 100 
o C, 1h
Pd-Cat., KOH, TBAB
+
B(OH) 2
5
S SBr
14 15
O O
Entry Cat. mol% Cat. 1a,b Cat. 2a,b Cat. 3a,b Cat. 4a,b
1 1 100(89) 100(96) 100(91) 100 (93)
2 0.75 100 100 100 100
3 0.5 100 100 80 100
4 0.25 100c 100 50 100
5 0.125 65 100 0 100
6 0.05 10 100(86) – 100(78)
7 0.025 0 100c – 100c
8 0 – 0 – 0
a Conditions: Bromide 14/boronic acid 5/KOH/TBAB/water (3 mL): 1/1.2/2/0.6, at 100 C for 1 h.
b Conversions were based on 1H NMR of crude product and the values between parentheses refer to the isolated yields.
c When the reaction was repeated under microwave irradiation at 160 C and 250 W for two min, full conversion to product 15 was detected
by TLC.
4 K.M. Dawood et al.2.2.7. 2-(4-Methoxyphenyl)thiophene (22)
Yellow powder; mp. 103–104 C [Lit. mp. 103–104 C (Den-
mark et al., 2008)]; 1H NMR (CDCl3) d 3.90 (s, 3H, CH3CO),
6.87 (d, 1H, J = 8.4 Hz), 6.96–6.98 (m, 1H), 7.01 (d, 2H,
J = 8.7 Hz), 7.77 (d, 2H, J = 8.7 Hz), 8.16 (d, 1H,
J = 8.4 Hz); MS m/z (%) 190 (M+, 28), 166 (32.5), 160
(28.3), 141 (72.1), 134 (100), 103 (58.5), 99 (73.9).
2.2.8. 2-(4-Methylphenyl)thiophene (23)
Yellow powder; mp. 67–69 C [Lit. mp. 68–70 C (Kim et al.,
2009)]; 1H NMR (CDCl3) d 2.48 (s, 3H, CH3), 6.79 (d, 1H,
J = 7.8 Hz), 6.84 (d, 2H, J= 8.3 Hz), 7.01–7.06 (m, 1H),
7.13 (d, 2H, J = 8.3 Hz), 7.30 (d, 1H, J = 7.8 Hz); MS m/z
(%) 174 (M+, 66.9), 159 (90.2), 154 (21.3), 99(67.5), 90
(57.7), 76 (45.8).Please cite this article in press as: Dawood, K.M. et al., Catalytic activit
and heteroaryl bromides in water. Arabian Journal of Chemistry (20132.2.9. 2,3‘-Bithienyl (24)
Brown crystals; mp. 66–68 C [Lit. mp. 68 C (Molander and
Biolatto, 2003)]; 1H NMR (CDCl3) d 7.02 (d, 1H,
J= 4.2 Hz), 7.08 (d, 1H, J= 4.1 Hz), 7.19 (s, 1H), 7.20–
7.23 (m, 1H), 7.33–7.41 (m, 2H), 7.50–7.62 (m, 1H); MS m/z
(%) 166 (M+, 98.8), 134 (27.4), 121 (36.2), 108 (16.6), 68
(55.6), 43 (35.2).
2.2.10. 2-(3,4-Methylenedioxyphenyl)thiophene (25)
Greenish-white powder; mp. 58–59 C [Lit. mp. 58–59 C (Da-
wood and Kirschning, 2005)]; 1H NMR (CDCl3) d 6.03 (s,
2H,OCH2O), 6.8 (d, 1H, J = 7.5 Hz), 6.94 (d, 1H,
J = 8.1 Hz), 7.28–7.29 (m, 1H), 7.36 (d, 1H, J = 7.5 Hz),
7.60 (s, 1H), 7.77 (d, 1H, J = 7.8 Hz); Ms. m/z (%) 204
(M+, 100), 145 (68.8), 112 (47.4), 86 (18.9), 63 (25.3).y of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl
), http://dx.doi.org/10.1016/j.arabjc.2013.06.004
Table 6 Suzuki coupling of 2-bromothiophene with arylboronic acids using complex 2 under thermal heating as well as microwave
irradiation.
S
+
S Het(Ar)Br
Het(Ar)-B(OH) 2
5, 16-20
12 13, 21-25
0.25 mol% Cat. 2
H 2O, KOH, TBAB
Entry Het(Ar)-B(OH)2 Product Thermal heating time/h yield % a,b MW heating time/min yield % a,b
1
B(OH)2
5
S
13
1 100(97) 2 100(94)
2 B(OH)2
Cl
16
S
Cl
21
4 100(91) 5 100(95)
3 B(OH)2
MeO
17
S
OMe
22
5 100(87) 5 100(90)
4 B(OH)2
Me
18
S
Me
23
5 100(82) 6 100(92)
5
S
B(OH)2
19
S
S
24
6 100(86) 6 100(90)
6 B(OH)
O
O
20
S
O
O
25
5 100(96) 6 10(90)
a Conditions: Bromide: 1 mmol; phenylboronic acid: 1.2 mmol; TBAB: 0.6 mmol; KOH: 2 mmol; water: 3 mL, Pd-complex: 2: 0.25 mol%,
microwave heating (250 W) at 160 C and thermal heating at 100 C.
b The values between parentheses refer to the isolated yields.
Catalytic activity of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl and heteroaryl bromides in water 52.3. Suzuki–Miyaura coupling of 2-bromothiophene with
arylboronic acids in water under microwave irradiation condition
Amixture of 2-bromothiophene 12 (1 mmol) and the appropri-
ate arylboronic acid 5, 16–20 (1.2 mmol), tetrabutylammo-
nium bromide (TBAB) (194 mg, 0.6 mmol), the appropriate
palladium(II)-complexes 1, 2, 3 and 4 (1 mol%), KOH
(112 mg, 2 mmol) in water (3 mL) was mixed in a process glass
vial. The vial was capped properly and thereafter the mixture
was heated under microwave irradiating conditions at 160 C
and 250 W for the appropriate reaction times as shown in Ta-
ble 5. After the reaction was almost completed, the cross-cou-
pled products were then extracted with EtOAc (3 · 20 mL).
The combined organic extracts were dried over anhydrous
MgSO4 then ﬁltered and the solvent was evaporated under re-
duced pressure. The residue was then subjected to separation
via ﬂash column chromatography with n-hexane/EtOAcPlease cite this article in press as: Dawood, K.M. et al., Catalytic activit
and heteroaryl bromides in water. Arabian Journal of Chemistry (2013(10:1) as an eluent to give the corresponding pure cross-cou-
pled products 2-aryl(heteroaryl)thiophenes 13 and 21–25.
3. Results and discussion
3.1. Concentration effect of the Pd(II)-complexes 1–4 on the
Suzuki coupling of aryl and heteroaryl bromides with
phenylboronic acid in water
Although we reported the precatalysts 1–4 earlier, their com-
parative catalytic activities for certain substrates (arylboronic
acids and aryl halides) under certain condition (heating mode,
time, concentration and solvent) in parallel were not examined
so far. Therefore, a detailed comparative study for the effect of
concentration of palladium(II)-complexes 1, 2, 3 and 4 on the
cross-coupling reaction between phenylboronic acid (5) and
p-bromoacetophenone (6) was ﬁrstly evaluated. The reactiony of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl
), http://dx.doi.org/10.1016/j.arabjc.2013.06.004
6 K.M. Dawood et al.was performed in water under different concentrations of the
catalysts using potassium hydroxide as a base and tetrabutyl-
ammonium bromide (TBAB) as a co-catalyst under thermal
conditions at 100 C for 1 h and the results are outlined in
Table 1. At ﬁrst, 1 mol% of the complexes 1, 2, 3 and 4 was
employed in the reaction with a molar ratio of p-bromoaceto-
phenone (6)/phenylboronic acid (5)/TBAB/KOH: 1/1.2/0.6/2,
to give, in all cases, 100% conversion of 4-acetyl-1,10-biphenyl
(7) based on TLC and 1H NMR analysis. In the second exper-
iment, 0.5 mol% of each of the precatalysts 1, 2, 3 and 4 was
used to give also, in all cases, full conversion after 1 h heating
at 100 C. The reaction was repeated again with different con-
centrations (mol%) of the Pd(II)-complexes 1, 2, 3 and 4 as
shown in Table 1. From the obtained results it can be noticed
that Pd(II)-complexes 1, 2 and 4 gave full conversion when
they were used in 0.25, 0.125, 0.05, 0.03 and 0.01 mol%,
respectively. However, Pd(II)-complex 3 was active enough
and gave full conversion when it was used in 0.25%,
0.125%, 0.05% only and the conversion was then decreased
to be 90% and 60% when the catalyst was used in 0.03 and
0.01 mol%, respectively. It can be concluded from the data
in Table 1 that the Pd-complexes 1, 2 and 4 are more
efﬁcient than Pd-complex 3. Noteworthy to mention that,
p-bromoacetophenone (6) as starting material was completely
recovered unchanged when the reaction was carried out with-
out any of the Pd-complexes 1, 2, 3 and 4 (entry 8, Table 1).
Next, the effect of concentration of palladium(II)-com-
plexes 1, 2, 3 and 4 on the cross-coupling reaction between
phenylboronic acid (5) and the deactivated p-bromoanisole
(8), in water using potassium hydroxide as a base and tetrabu-
tylammonium bromide (TBAB) as a co-catalyst under thermal
conditions at 100 C for 1 h, was evaluated as shown in Ta-
ble 2. At ﬁrst, the reaction was conducted using 1 mol% of
the complexes 1, 2, 3 and 4 with a molar ratio of p-bromoani-
sole (8)/phenylboronic acid (5)/TBAB/KOH: 1/1.2/0.6/2 to
give 100% conversion of 4-methoxy-1,10-biphenyl (9) based
on TLC and 1H NMR analysis. In the second experiment,
0.5 mol% of the catalysts 1, 2, 3 and 4 was used to give full
conversion after 1 h heating at 100 C. The reaction was re-
peated with different concentrations (mol%) of 1, 2, 3 and 4
as shown in Table 2. In all cases, full conversions were ob-
tained till 0.01 mol% of the complexes 1, 2 and 4. As shown
in Table 2, all Pd-complexes are efﬁcient except Pd-complex
3 for the cross-coupling of 8 with 5 at the concentration
0.01 mol% catalyst.
3.2. Effect of concentrations of the Pd(II)-complexes 1–4 on the
coupling of heterocyclic bromides with phenylboronic acid
The Suzuki cross coupling of heterocyclic bromides with phen-
ylboronic acid under different of concentration of palla-
dium(II)-complexes 1, 2, 3 and 4 was also extensively
studied. The cross-coupling of 3-bromoquinoline (10) with
phenylboronic acid (5) under thermal conditions at 100 C
for 1 h in water/TBAB/KOH as catalytic system using differ-
ent concentrations of the Pd-catalyst was examined and the re-
sults are illustrated in Table 3. In all cases, almost full
conversions of 3-bromoquinoline (10) into 3-phenylquinoline
(11) were observed regardless of the applied concentration of
the Pd-complexes 1–4.
Sulfur species are considered to be potential catalyst
poisons that cause a substantial decrease in the catalyticPlease cite this article in press as: Dawood, K.M. et al., Catalytic activit
and heteroaryl bromides in water. Arabian Journal of Chemistry (2013activity of palladium catalysts (Dunleavy 2006). In addition,
the thiophene ring is a p-electron-rich heterocycle and conse-
quently 2-bromothiophene (12) is considered as deactivated
bromide in Pd-catalyzed C–C coupling reactions. Herein,
two sulfur-containing Pd(II)-complexes 1 and 2 are applied
in Suzuki C–C coupling reaction of sulfur-containing sub-
strate; 2-bromothiophene (12) in comparison with the sulfur-
free complexes 3 and 4. Thus, the effect of concentration of
Pd(II)-complexes 1–4 on the cross-coupling reaction between
phenylboronic acid (5) and 2-bromothiophene (12), in water
using potassium hydroxide as a base and tetrabutylammonium
bromide (TBAB) as a co-catalyst under thermal conditions at
100 C for 1 h, was evaluated as depicted in Table 4. At ﬁrst,
the reaction was conducted using, in each case, 1 mol% of
the Pd(II)-complexes 1–4 with a molar ratio of 2-bromothio-
phene (12)/phenylboronic acid (5)/TBAB/KOH: 1/1.2/0.6/2,
where full conversion of 2-phenylthiophene (13) was observed
on the basis of TLC analysis. In the second experiment, we
used 0.5 mol% of the precatalysts 1, 2, 3 and 4 to give full con-
version after 1 h heating at 100 C. The reaction was repeated
with different concentrations (mol%) of 1, 2, 3 and 4 and the
results are depicted in Table 4. It is clear that the reactivity of
the Pd(II)-precatalysts is in the order: 2> 4> 1> 3. From
this ﬁnding, it can be concluded that the presence of sulfur
atom in either the catalyst or the coupling substrate did not af-
fect the catalytic activity of the Pd(II)-catalysts used.
2-Acetyl-5-bromothiophene (14), as a coupling candidate,
was prepared from the bromination of 2-acetylthiophene with
N-bromosuccinimide in a mixture of glacial acetic acid and
acetic anhydride according to the reported literature (Smirnov
and Lipkin, 1973). Then, the reactivity of the palladium(II)-
complexes 1–4 in the Suzuki cross-coupling reaction between
2-acetyl-5-bromothiophene (14) and phenylboronic acid (5)
in water using KOH as a base and TBAB under thermal con-
ditions at 100 C (one hour) as well as under microwave irra-
diation (two min) and the results is outlined in Table 5. At
ﬁrst, the reaction was conducted using 1 mol% of the Pd-com-
plexes 1–4 with a molar ratio of 2- acetyl-5-bromothiophene
(14)/phenylboronic acid (5)/TBAB/KOH: 1/1.2/0.6/2, to give
in all cases full conversion into 2-acetyl-5-phenylthiophene
(15). In the second experiment, 0.5 mol% of the precatalysts
1–4 was used to give also, in all cases, full conversion after
1 h heating at 100 C. The reaction was again repeated with
different concentrations (mol%) of 1–4 and the yield % are de-
picted in Table 5. From the obtained results it was clear that
the free-oxime containing Pd-complexes 2 and 4 are more ac-
tive than their benzylated analogs 1 and 3 when their concen-
trations were less than 0.25 mol% as shown in Table 5.
3.3. Suzuki coupling of 2-bromothiophene with arylboronic acids
using complex 2 under thermal heating as well as microwave
irradiation
The highly active Pd(II)-precatalyst 2 was next applied in the
Suzuki coupling between 2-bromothiophene (12) and several
arylboronic acids 5 and 16–20 under different heating modes;
thermal heating as well as microwave irradiation conditions.
The Suzuki–Miyaura reaction of 2-bromothiophene (12) with
the arylboronic acids 5 and 16–20 was performed using the cat-
alytic system: water/KOH/TBAB in the presence of 0.25 mol%
of the precatalyst 2. As shown in Table 6, run 2, when the
coupling reaction of 4-chlorophenylboronic acid (16) withy of some oxime-based Pd(II)-complexes in Suzuki coupling of aryl
), http://dx.doi.org/10.1016/j.arabjc.2013.06.004
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precatalyst 2 in water/KOH/TBAB under thermal heating at
100 C for 1 h, full conversion was achieved and afforded
2-(4-chlorophenyl)thiophene (21) in 91% isolated yield. Con-
ducting the same reaction above under microwave irradiation
condition for 2 min at 160 C (250 W), using 0.25 mol% of the
precatalyst 2 in water/KOH/TBAB, resulted in full conversion
into 2-(4-chlorophenyl)thiophene (21) which was isolated in
95% yield as shown in Table 6, run 2. Similarly, cross-coupling
of 2-bromothiophene (12) with 4-methoxyphenylboronic acid
(17), 4-methylphenylboronic acid (18), 2-thienylboronic acid
(19) and 3,4-methylenedioxy-phenylboronic acid (20), was con-
ducted using 0.25 mol% of Pd-precatalyst 2 in water/KOH/
TBAB under thermal heating as well as microwave irradiation
conditions, where the corresponding 2-aryl(heteroaryl)thio-
phenes 22–25 were obtained in excellent yields as outlined in
Table 6, entries 3–6. The obtained results reﬂect the high activ-
ity of the precatalyst 2 toward the less reactive 2-bromothio-
phene (12) compared to the aryl bromide 6.
4. Conclusions
In conclusion, we studied the catalytic activities of four Pd(II)-
complexes, among them two have free oxime functions 1 and 3
and the other two are benzyl-protected oximes 2 and 4. The
activities of the benzyl-protected oximes 2 and 4 are higher
than 1 and 3 especially at low mol% concentrations in the Su-
zuki cross-coupling between aryl (heteroaryl) bromides and
arylboronic acids in water. The hydrogen bonding in the free
oximes might play a role in minimizing the activity of their
Pd-complexes.
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